u]

=,

Ha 6inux muwax npoeedeno 6usuenHs mokcuMHocmi
JIONUH06020 GOPOWHA, KOPEHS OUOCUNY Ma PYHKUIO-
Hanvhux xomaem. /locaioxceno, wo aonunoge 6opout-
HO Mma OuBOCUNl He BUKIUKAIOMb KAMAPAIbHO20 A00
2eMOPAzIUH020 3aNATIEHHS WIIYHKO0B0-KUWKO0B020 MPaK-
my ma 3azubenv muweil, omosic ¢ Hemoxcuuni. Ilpu 320-
dosyeanni muwam xomnem 3 10 % emicmom onuno-
6020 G6opowna ma 0,5 % oueocuny écmamno6ueHo, w0
npu namos020aHaMmoOMIMHOMY PO3MUHI MAKPOCKONIY-
HUX 3MiH 8 Opzanax i mxkanunax He euseaeno. Maca
opeanis (p<0,05) € 6 mexncax Hopmu ma niomeepoHcye,
w0 0anuii nPooYKmM MOMCHA 6KIIOUAMU 8 PAUIOH Xapuy-
eanns rodeil

Kmouoei cnosa: m’acnuii papu, nronunose 6opout-
HO, Ougocul, PYHKUIOHATILHI Komaemu, pauioHavie
Xapuyeans, namoJ020aHAMOMMHUL PO3Mum, 00MiHHi
npouecu, nociveni naniepadpurxamu

=,

Ha é6envix mvtmax npogedeno usyuenue moxcutHo-
cmu 110NUH0BOU MYKU, KOPHA O0esacuna u QyHKuuo-
HavHblx Komaem. /lokazano, umo JHONUHO8ass MYyKa u
0essiCuUIl He 8bI3bl6AIOM KAMAPATLHO20 UNU 2eMOPPazU-
4eCK020 60CNAIEHUS JHCETIYOOUHO-KUUWEMHOZ20 MPAKMA U
2ubens Mouuell, NOIMOMY ABNAIOMCA HEMOKCUMHBIMU.
IIpu ckapmausanuu movumam xomaem ¢ 10 % codepoca-
Huem monunosoil myxuu 0,5 % deesacuna ycmanoeieno,
UMO NPU NAMON020AHAMOMULECKOM BCKPLIMUU MAKPO-
CKONUMeCKUX UMEHEHULl 8 OP2AHAX U MKAHAX He 00HA-
pysceno. Macca opzanos (p<0,05) naxooumcs 6 npede-
Jlax HOpMbL U nodmeepoicoaem, *¥mo OaHHbLL NPOOYKM
MOJHCHO 8KIH0OUAMD 8 PAUUOH NUMAHUSL 100el]

Kntouesvie cnosa: msicnoii papu, monunosas myxa,
desscun, (PYHKUUOHAIbHLIE KOMJIEMbl, PAUUOHATb-
HOe numanue, NAMOJ020AHAMOMUMECKOE BCKpbimue,
00MeHHbLe nPoYyecco, cexyuuecs noaydadpuramot
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1. Introduction

Functional minced meat semi-finished products harmo-
niously combine high gustatory qualities, nutritional value
with positive functional properties and produce a positive
impact on human health. They are at the same time intended
for a wide range of consumers and can be used regularly as a
part of a normal diet without any specific recommendations.

At the World Congress in the USA on the problems of us-
ing vegetable proteins for food and feed purposes, lupin was
described as an important reserve of high quality proteins
[1]. The use of lupin seeds in food industry is limited because
of the existence of bitter and poisonous alkaloids in it. How-
ever, at present, such varieties of white lupin as “Kharcho-
vyi”, “Synii parus”, “Olezhka”, “Volodia”, “Volodymir” have
been cultivated. The main feature of it is that its proteins
do not require thermal treatment, as they do not contain in-
hibitors of proteolytic enzymes: trypsin and chymotrypsin,
phytohemoglutenins, neurotoxins and alpha-galactoses [2].

Food lupin belongs to organic crops because it is grown
without chemical fertilizers. Unlike other legumes, seeds
of white food lupin contain 10..12 % of fat, a complex of
vitamins, macro-and microelements and other bioactive
substances. They protect the organism from radionuclides
and heavy metals, as well as accelerate the process of their
removal. Dietary fibers of the given varieties of lupin, which
are mainly contained in the shell (80...88 %) with the rest in
the nucleus of the seed (15....18 %), are pretty good entero-
sorbents of radionuclides, cesium, strontium and other heavy
metals [3]. The effect of enterosorption is revealed also in
relation to cholesterol, bile and other metabolism products.
Thus, the grain of food varieties of white lupin should be
used in the production of high-protein foods for children and
for dietary and medicinal-prophylactic purposes.

Inulin (to 44 %), inulenin, pseudo inulin, acetic and ben-
zoic acids were found in the root of inula [4]. Inulin is known
to be able to withdraw radionuclides and heavy metals form
the body, to stimulate the growth of bone tissue, absorption




of calcium in the human body [3, 4]. That is why develop-
ment of the minced meat semi-finished products with the
content of lupin and inula is relevant today.

Therefore, testing the products for toxicity on the or-
ganisms of white mice is necessary in order to include this
product in the diet of humans.

2. Literature review and problem statement

Under modern conditions, the agricultural complex
of Ukraine faces the challenge of increasing production
of food products and improving their quality and safety.
Today, in accordance with the requirements of the inter-
national system of self-control (HACCP), the problem of
quality control and food safety is becoming increasingly
important [5, 6].

A great number of scientists explore the issues of nanoci-
trates, comparing toxicity of analogues [7—-12].

There are known developments of production of minced
meat semi-finished products, which include introduction of
meat extracts and powders, by-products or products of their
processing, hydrated soy protein, vegetable and dietary sup-
plements, dietary fibers, oil, etc. into mince. Shortcomings
of these developments include complexity of formulation of
preparation, unavailability of ingredients, low food and bio-
logical value of produce. In particular, papers [8—11] focus on
the introduction of minced semi-finished products of protein
components, mainly soy concentrates, bran, whey, etc. to meat.

The issue of control of the content of heavy metals in
meat produce is paid special attention to. Concentrations of
elements of aluminum, arsenic, cadmium, chromium, cobalt,
copper, lead, mercury, nickel, selenium and zinc get into meat
during air and vegetation contamination [12]. In particular,
according to results of examination of meat of wild and do-
mestic animals [13], it was found that the existence of these
elements does not pose any danger to the health of consum-
ers, their amount does not exceed maximum permissible
concentrations [14]. The level of accumulation of particular
heavy metals was determined in meat and liver of sheep.
According to the examination of the longest back muscle and
liver samples, it was found that as the age of sheep increases,
the content of water in meat and the content of protein, fat
and ash increases, and the accumulation of Cd and Pb de-
pends on the age of animals [15].

In Serbia and Spain, toxicity of food is examined by
determining the content of Pb, Cd, Hg, As. The existence of
these elements in products was found to result in a daily con-
sumption of 72.30 pg of them, 21.89 ug of As and 11.51 pg of
Cd by an adult person [16].

Examination of heavy metals in sausage products is
not less important, in particular, control of dry fermented
sausages is performed in Lisbon (Portugal). Results of the
studies found that heavy metals exist in sausages, but they
do not cause danger to consumers [17].

The most effective method of testing product quality is
conducting research on white mice [18, 19].

Thus, based on a critical analysis of the sources, it was
found that the studies that were carried out in Lisbon, Ser-
bia and Spain focused on determining the content of toxic
substances and heavy metals. It is necessary to reduce ways
of contamination of raw materials. Development of new for-
mulations was not perfect, that is why the products were of
low nutritional value and quality. Determining the toxicity

on living organisms is the most effective method for testing
quality and the introduction of raw materials to production.

3. The aim and objectives of the study

The aim of present research is to determine toxicity of
lupin flour and inula root and meat cutlets on white mice,
in order to introduce functional cutlets to the market and in
the diet of people.

To accomplish the set aim, the following tasks had to be
solved:

— to determine toxicity of lupin flour, inula, functional
cutlets that contain 5 %, 10 %, 15 % of lupin flour with a re-
placement of meat share and 0.5 % of inula, under conditions
of the intragastrical introduction of 0.5 ml of the extract;

— to determine toxicity of the finished 10 % functional
cutlets, under conditions of feeding them as the main feed to
white mice for 10 days;

— to carry out toxicity analysis on the pathoanatomical
dissection of mice, examining the condition of internal or-
gans and to perform a hematological analysis of blood.

4. Materials and methods for toxicological and
hematological research

We applied appropriate methods, which were used at
the Laboratory of Pharmacology and Toxicology and the
Laboratory of Clinical-Biological studies of the State Scien-
tific-Research Control Institute of Veterinary Preparations
and Feed Additives (Lviv, Ukraine).

The experiments for studying toxicity of raw materials
and products were carried out on white mice (Fig. 1). They
involved appropriate methods, under conditions of intragas-
trical introduction and feeding on cutlets with 10 % of lupin
flour and 0.5 % of inula for 10 days.

Fig. 1. Laboratory white mice

The methods for determining toxicity under conditions
of intragastrical introduction of the extract, determining
toxicity of the finished 10 % cutlets under conditions of feed-
ing them to white mice as the main feed for 10 days, hemato-
logic research, as well as the formulation and the technology
of preparation of functional cutlets with lupin flour and inula
are presented in paper [20].



3. Results of toxicological and hematological research

5. 1. Results of research into determining the toxicity
of lupin flour, inula and functional cutlets

The death of white mice within three days was not
observed.

During the pathoanatomical dissection of animals, put
to sleep by chloroform, which were given lupin flour, it was
found: fur cover was bright, smooth, there was no damage,
natural openings were closed, and there was no secretion;
during internal examination, hypodermic fat tissue was
found to be well developed (Fig. 2).

Fig. 2. Examination of mice before
pathoanatomical dissection

Position of the internal organs of the chest and abdomi-
nal cavities was anatomically correct. The liver was a of dark
cherry color, with sharp edges, of elastic consistency with
separate blazes of light color. The spleen is of regular shape,
dark-red, with sharp edges and characteristic structures on
the cut, not enlarged. The kidneys were of bean-like shape,
there was a fat capsule, of dark cherry color, elastic consis-
tency, not enlarged, the boundary between the cortical and
medullar areas was preserved. The lungs had friable con-
sistency, were pale pink, without any obvious microscopic
changes. The heart was of cone-like shape, myocardium was
dark red, elastic. The pancreas was pale pink, of lobar struc-
ture, without any obvious macroscopic changes. The stom-
ach was filled with feed masses, the mucous membrane is
light pink, smooth, bright, slightly dry. The small and large
intestines are unevenly filled with feed masses, the mucous
membrane is smooth, bright, and wet.

During the pathoanatomical dissection, in animals, put
to sleep by chloroform, which were given inula, it was found
that fur cover was bright, smooth, with no damage, natural
openings were closed, there was no secretion. The position
of the internal organs of the chest and abdominal cavities
was anatomically correct. The liver was of dark cherry color,
with sharp edges. The spleen was of regular shape, of dark
red color, with the sharp edges, of characteristic structure
at the cut, not enlarged. The kidneys are of bean-like shape,
with fat capsule, of dark cherry color, of elastic consistency,
not enlarged, the boundary between the cork and brain zones
was preserved. The lungs had friable consistency, pale pink.

The heart was of cone-like shape, the myocardium was
dark red, elastic. The pancreas was pale pink, with lobar
structure, without any apparent macroscopic changes. The
stomach was moderately filled with feed masses. Small in-

testine was filled with feed masses, the loops of the intestine
were homogeneous, without bloating, mesentery vessels are
hardly visualized. Large intestine is filled with fecal masses
of characteristic shape and consistency. The mucous mem-
brane of the stomach, large and small intestines was smooth,
bright, wet, without layering (Fig. 3).

T -

Fig. 3. Pathoanatomical dissection. View of internal organs

During the pathoanatomical dissection, in animals,
put to sleep by chloroform, which were given the extract
of cutlets with 5 % of lupin flour and 0.5 % of inula, it was
found that there were no changes in the fur cover, visible
mucous membranes and natural openings. The position of
the internal organs of the chest and the abdominal cavities
is anatomically correct. The liver is homogeneous, of dark
red color, with sharp edges, with characteristic structure
at the cut. The spleen is with sharp-edged, of dark cherry
color, homogeneous, the characteristic structure at the cut
is preserved, the edges of the cut converge. The kidneys are
bean-shaped, there is a fat capsule, of dark cherry color, of
elastic consistency, not enlarged, the boundary between the
cork and brain zones is preserved. The lungs have loose con-
sistency, pale pink color, without any apparent macroscopic
changes. The heart was of cone-like shape, the myocardium
was dark red, elastic. The pancreas was pale pink, with lobar
structure, without any apparent macroscopic changes. The
stomach was moderately filled with feed masses, the mucous
membrane was without apparent changes, the small depart-
ment of intestine is moderately filled, the contents were
homogeneous. The content of large intestine had paste-like
consistency, with characteristic smell. The mucous mem-
brane of the thin and large intestine was pale pink, bright,
moist, without layering.

During pathoanatomical dissection, in animals, put to
sleep by chloroform, which were given the extract of cutlets
with 10 % of lupin flour and 0.5 % of inula, it was found: the
position of the internal organs of the chest and the abdom-
inal cavities was anatomically correct. Venous congestion
was observed in parenchymatous organs. The liver was
homogeneous, dark red, with sharp edges, of characteristic
structure at the cut. The spleen was sharp-edged, of dark
cherry color, homogeneous, of characteristic structure at the
cut, the edges of the cut converged. The kidneys were bean-
shaped, there was a fat capsule, of dark cherry color, of elastic
consistency, not enlarged, the boundary between the corti-



cal and medullar zones was preserved. The lungs had friable
consistency, pale pink, without changes. The heart was of a
cone-like shape, the myocardium was dark red, elastic. The
pancreas was pale pink, with lobar structure, without any
apparent macroscopic changes; the stomach was of regular
shape, the loops of intestines were evenly located, without
inflation, moderately filled with contents. The mucous mem-
brane of the small and large intestine was pale pink, smooth,
bright, and moist (Fig. 4).

a b

Fig. 4. View of mucosa: @ — stomach; b — intestines

During pathoanatomical dissection, in animals, put to
sleep by chloroform, which were given the extract of cutlets
with 15 % of lupin flour and 0.5 % of inula, it was found that
fur cover was bright, smooth, without any damage, natural
openings were closed, without secretion. During external ex-
amination it was found that the position of the internal organs
of the chest and abdominal cavities were anatomically correct.
Congestion of mesentery vessels was observed (Fig. 5).

color, of elastic consistency, not enlarged, the boundary
between the cork and brain zones was preserved. The lungs
had friable consistency, of pale pink color. The heart was of
cone-like shape, the myocardium was dark red, elastic. The
pancreas was pale pink, with lobar structure, without any
apparent macroscopic changes. The stomach was well filled.
Small intestine was filled with feed masses. The rectum
contained formed fecal masses of characteristic form, there
were no fermentation processes. The mucous membrane of
the small and large intestine was pale pink, smooth, bright,
moist, without layering.

5. 2. Results of research into determining the toxicity
of 10 % cutlets under conditions of feeding

In the course of research, no changes in behavior of mice,
which were on a standard diet (control group), and in the
animals that received the finished cutlets, were noticed, the
animals were active, with no signs of external aggression.
Preservation of animal was at 100 % level. During patho-
anatomical dissection, no macroscopic changes in the organs
and tissues were found (Fig. 6).

Fig. 6. Pathoanatomical dissection of mice of
experimental group, fed on cutlets

Table 1 gives an analysis of the internal organs of mice
from control and experimental group.

Table 1
Analysis of internal organs
Group Liver Lungs Heart | Spleen | Kidneys Body
weight
1 0.92 0.50 0.07 0.09 0.32 22.2
Control|2 0.99 0.38 0.09 0.12 0.34 21.8
Fig. 5. Congestion of mesentery vessels 31 092 0.28 0.11 0.19 0.36 19.5
M#m |0.94%0.02(0.38+0.07{0.09£0.01{0.13+£0.03]|0.34+0.01| 21.17+0.84
The liver is of elastic consistency, homogeneous, 4] 147 0.24 0.13 0.19 0.38 23.0
of fia.rk red color, Wi}tlh shar};hedgels, with ch}itrac- ]I“:rililctl;lll s 104 021 0.10 015 0.25 200
teristic structure at the cut. e spleen was sharp- 138 030 013 0.20 031 917
edged, of dark cherry color, homogeneous, of the
.. . M+m 1.2+0.1 |0.25%0.03/0.12+0.01{0.18+0.02|0.31+0.04 | 21.57+0.87
characteristic structure at the cut. The kidneys were
bean-shaped, there was a fat capsule, of dark cherry p<0.05 | p<0.05 | p<0.05 | p<0.05 | p<0.05 | p<0.05



In all internal organs the weight changes are p<0.05,
which is within the normal range. This indicates that this
produce is not toxic.

3. 3. Results of hematologic research

Hematologic studies were conducted in the laboratory
of clinical and biological research of SSRCI of veterinary
drugs and feed additives. Research results are presented
in Table 2—4, where No. 1-3 are the samples of the control
group, No. 4—6 are the samples of the experimental group of
mice. Results are within the normal range.

Table 2
Morphological parameters of blood of mice
ety of| eyt [globintoeme | MCHMCHC MV, |00
sample | T/I g/l % Pg g/dl | mkm g/l
1 8.2 147 41 17.8 35.2 50.7 669
2 7.2 193 34 26.8 571 | 469 442
3 7.8 126 37 16.0 33.8 47.4 794
4 7.8 137 38 171 36.0 47.7 538
5 9.1 143 40 15.6 355 | 441 971
6 7.3 118 35 16.1 33.5 48.2 914
Table 3

Contents of leukocytes and blood leukogram of mice

6. Discussion of results of determining
the toxicity of produce

Food products must meet the requirements of State stan-
dards, technical conditions, including safety indicators. The
developed meat minced semi-finished products form beef
with addition of lupin flour and inula were studied using
the methods for determining toxicity that were used in the
State scientific research institute of control of veterinary
preparations and feed additives. We also used “Methods
for determining toxicity of oil-seed meal, cakes and fodder
yeast” and “Methods for determining toxicity on laboratory
animals” on the organism of white mice weighing 20-23 g.

Tasting of functional cutlets enabled us to choose the
best sample (No. 2, containing 10 % of lupin flour and 0.5 %
of inula), which is being patented and tested in order to be
introduced into production. The usage of these methods
made it possible to prove non-toxicity of the developed prod-
uct and its composition.

Developed functional cutlets can be included in the diet
to solve problems of protein deficiency. The shortcoming of
the development is that in Ukraine there is no effective pro-
duction of lupin flour, compared with Poland. In fact, lupin
flour is a source of valuable protein, which can be widely
applied in combination with different products. For example,
in Poland there is organized production of bread and pasta.

Functional cutlets with replacement of meat share with
lupin flour will also be economically more profitable. Results

No. of Leukogram, % of this research can be implemented in industrial production
entry of Leukocytes, Limphocytes,| Monocytes, | Granulocytes of sections of minced semi-finished products. Beef cutlets
sample g/l % , o 9% , with lupin can be widely used in fast food, and there-
1 8.4 69.8 105 197 by change the stereotypes about harmfulness of fast-food
(“street food”). Possible directions of development of this
2 8.2 64.7 90 26.3 study will be extension of the range of meat products with
3 78 71.0 11.0 18.0 the lupin share, in particular, production of sausage, sausag-
4 8.9 66.3 11.2 22.5 es, dumplings and khinkali with meat-lupin mince.
5 5.9 75.7 6.1 18.2
6 5.8 76.2 13.2 10.6 7. Conclusions
Table 4 1. It was found that lupin flour, inula
Biochemical indices of blood serum of mice root and functional cutlets containing
5%, 10 %, 15 % of lupin flour with re-
eII\lItOr .yocf)f Crude protein, |Creatinin,| Urea, AST, ALT, ALR Alpha—ami— Glucose, | placement of meat share and 0.5% of
sample g/l mkmol/l |mkmol/1|unit/1| unit/1 | unit/1 |lase, unit/1| mkmol/l | inula as a spicy-aromatic addit.ivc. do not
1 6.07 46.9 76 |2432] 526 |6635| 1652 540 | cause catarrhal or hemorrhagic inflam-
mation of the gastrointestinal tract and
2 6.45 48.5 63 |2376] 486 |2586| 2113 5.16 the death of mice, so they are non-toxic.
3 7.10 42.7 85 |227.7| 55.1 | 4439 1821 4.67 2. The mice were fed on cutlets with
4 6.2 377 | 88 |2555| 611 |4795| 2075 | 447 | 10 % content of lupin flour and 0.5 % of
inula. It was found that during pathoana-
5 5.25 47.7 8.5 253.1| 52.3 | 3851 1781 5.08 . . . .
tomical dissection, macroscopic changes
6 5.47 41.8 79 12751 49.7 |516.6 | 1943 6.29 in the organs and tissues were not found,

Results of hematological research after a 10-day feeding
of cutlets were in the normal range. Therefore, this product
has no negative influence on the organism of mice. Accord-
ing to “Methods for determining toxicity on laboratory ani-
mals”, raw materials and cutlets can be considered non-toxic.

p<0.05, which is in the normal range.

3. The authors obtained results of hematologic research
in mice blood, in particular, morphological parameters,
contents of leukocytes and leukogram, biochemical indices,
which prove that this product can be included in the diet of
humans.
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